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(57) Abstract: A lock bolt of a high strength steel 
pipe, wherein an expansion type lock bolt body 
is formed of a deformed pipe manufactured by 
using, as a raw material, a high tension steel plate* 
having a tensile strength of 490 to 640 N/mm 2 , an 
elongation of 20% or more, and a plate thickness 
of 1.8 to 2.3 mm and having a single or a plurality 
of recessed parts extending in the axial direction 
of the deformed pipe. Since the high tension steel 
plate is used in the lock bolt, sufficient strength can 
be secured for the lock bolt though the steel plate 
is thin, and cracking due to stains introduced in 
a molding process, a both end shrinkage process, 
and a pressurizing/expanding process can be 
suppressed. Since an expansion start pressure when 
a pressurized fluid is press-fitted and inflated is also 
low, a time in which the expansion/deformation is 
completed can be shortened and workability can 
also be improved. 
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5 miftm 

#3891 tt, fr\mto<Dl£*xm&^**W3mz.W i &1* J £Z> :tl:<k0 iti&X 

■ 

^#Uii*n« 11). «§»D^Wh 1 tt. *l»5fi©!KS8 (0 2 A) T 
tt#JPh#A?LOrtStO|BIHia!llBI*<»S*<, ftlE«E#tt*&» 3 fr£>»J±£ 
15 Un*.5£ll»3fiL (H2B), •Hfl9C»a#^M*Aaoi*aB»w«« (H2C) 

tfJ&fcSftWS. JPffi«#©EEA&*fi»w"r*fc«£)* MASK:* U L 
20 fcftJg«t>*ll6*lTl>S (#S 2003-510573^18). 

Cflffiny^^l/h 1 tWItSl^^. fttfUts ^ :54mm ©Hi 
e^SffabfcD3fiB 4 ©fcSflg : 36mm ©JUg©&rt& : 45~50mm ©flOP 

25 • h}$A?LK:Jf Lii*, «#mTM3tf*£fcC«k0g«Xtt*&« 2 l:@^b 

JSCTBAl/^ llOkN i^Xte 170kN R£ttH£W"SftTV>*. HOkN Mte 
3I3&3$$ : 300N/mm 2 £U:, : 30%, 1£J¥ : 2mm ©$H££> 170kN 1R\t 
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3I3§3££ : 300N/mm 2 £U, #tf : 35%, 1SJP : 3mm ©$«£$£# t U ft 
ft=bfl4£ : 54mm <D1VW ^KigWLfc&T, DflSB 4 SttUTcftS : 36mm © 

15 MET*?). 

*56^©j8SiB*<HfP«|ay^#^htt. : 490~640N/mm 2 , # 

tf:20%^±, «J? : 1.8-2.3xnm U #»Xtt«ft©IHl 

25 SIWM^ft BBS r/T us S«^T?I03BS!© □ y £ sH;u h trc n £ 

Ct^Itn. ffSKiJWS : 530~690N/mm 2 , # 



2 



WO 2005/068779 PCT/JP2004/011205 



(1) 3I3I3£$ : 490~640N/mm 2 , #tf : 20%£U, 1£JP : 1.8~2.3mm £>i§i3S 
5 : 50~55mm ©j$8S«Hff KaWTSIg 

& : 34.0~38.0mm Wgf&<g£{£$3-f 5Ig 

(3) gMmZffilZn&tHzWWiTZXM 

(4) a^«ow»r*»*asajipir*i8 

io (5) w Am, jojEflK#jEAffl*K:ft»«©ffiafc^u-^*a-e-Tit±T*ie 

SIS 

0 2 B it. B 1 $T&mz$>%m'gmUy $ h Cfl];h*JE#©K930 

0 2 C tt. K3S5S7t8©*JS»n y ? * ^ H fcJQto*ffi#©KWB 
20 H4tt. ft^«igPS©»ffi©«ttgfc*8B9i'rsB 

men. mv<%-xMr&mTz>n-)vwWi<DWiwm 
Hsu. iRii;<^iHxeTftffl-rsD-;i/jgttoi»wH 

25 
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fcfcAtf, IH«'ltSIT 170kN ©»*£®*fc*. 9l99ftS : 300N/mm 2 M 
: 35%8S. «J¥ : 3mm ©»Rj&>&jMf : 54mm ©ffflf^fl- 

% : 36mm H tfdj: 0 , 51 3831 S : 400N/mm 2 ©ft«£j&<D 

15 : 170kN »©□ y 0^ h ©**ffcSS3B#«©»«*flEfflTS fc v M&- 

S„ A#WKtt. 31383$$ : 490~640N/mm 2 , #tf : 20%UU:©^3g©^« 
**#tffifflf*t. 1.8~2.3mmga©«J?7f&oT"b. ftS : 54mm ©*L/t 
•f ^SS»3EJglniUTf§&nS^g : 36mm gflE©fi^«tt 530-690N/ 
20 mm 2 ©5I383£S *t>^. *<Dtc£>, R»*£ □ y hfcfP 0&A/?*f&fc: 

I2ttfc*;UHI$A?lt;:$L&3-> flDJE • 1038 KcfcoTSSI'HiSS 

tf¥SSIt«W^:#<t9:3£T€r*J:t*3Ki*-rs. fct^H tt« : 54ram © 
25 A/U^*H2A ©IWii»ttftt>'3ft»«te*»lni^T^II!*Jf*a : 5mm 
CDmm (Wffl 4) fcfifcJBTfci:*. WJH-:3mm ©*l/Vf:/*»&»6n*JW& 
WTttrt#Jffltf¥'#^ 2mm WJP : 2mm ©ftA-f 7#5»&ft*S 
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3&*W&S«£*S©«4>£BSfc©* *#««©«££ 1.8~2.3mm ©$& 
HCSJ£-LTV»S. 2.3mm £!8;l<5l&JP-ett, ftJB««jfil$»;:ittltf¥S£** 
5 <r«2i*3& J t§6n*«fct». 1.8mm *^©^«|«^6 170kN IS 

©»afc*ODy*J|Wh*»*fc«&fctt, 3l3l!ftS*« 640N/mm 2 SffiA* 

K9R*«!*MfcT*. £©«fc3fciK»**J-ett. JI)g*MjfiR£&8&tttfe 

fl-&:50~55ram S&©£&Mfift>&l*5Bg©D -y i?#)V b\Z& 

;&J|»«*8ifiT*ii:*«S»TH»-C*S. 490N/mm 2 *$©§I3I 

10 3££T*«. tt& : 50~55mm ^©jtl/W 6 : 170kN RODy^^ 

15 ffiHM-Tcfc^^iPE-J103g$-&S<i:#{^i;s^ i t<!i^<i:©@^^T^^ffli 
fc#ri&3*lTV>*IHl« 4 ©K<E-l8til£&Bfcffia , b3&foS. H?BS©ft&*# 

swm\zj»&tstix\t*&wa 4 ©»«^atfrai;«^, pass 4 <Dfcfc-&&\z>& 

20 e-etBE*©±#tt. ^0***lfcft»«©JnflE-W»lcJ:*ffi*fHL3C»Cj6f. 

Sfc*-* > h#(t 2 b/4)Xa B ft : mm, b : £fl. a e : Tlf^tl, 
«JPt©r»tltWILTiSDPr5C:tT3ttWCtS. 

25 ii<&£tcon^AS#'>&<&3. *Srt£EafcttA*fc©HflW>&, 

©MS* 4 *»»ta«:|IBi6-rs.EEA**«V»Ilttt» .0UWtt&ffi©ttB£SI«7^S 
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$a/*©WiSaJtA« 65/1 ©/W HD#>V*ffl^ EE* : 
0.6MPa ©S»*««&UfcBO«flEzKttttJaittmJE*i:©H«*H3t^-r. 

i7#)\,hftEE.J]& 7MPa KfcLfcftPHTtttH*** 10.6L/^STM'>T^^<i: 
5 *Sl/T^S. 

: 2mm ©S#«fcKttfc|H]fB 4 ©BifflM&£!&®&J£*£ 7MPa, 

MJ? : 3mm 4>AJ*tffcl!ltt&IHItf 4 ®MWHttfc&££Efte 17MPa tU 

: 0.6MPa TD v^tfJI'hfciDE-Ba'frSfc*, Py^^hrt© 

10 WJ? : 2mm OSffH &ti : 7MPa •C*ltijM&**. ffi^, fcJP : 3mm 
©MJ£WWU EE* : 7MPa T'B&ffi^-?* Uyi?tf)VhtoE.1j1fi 17MPa IZM 
L3fc*J*T»WLtt**. EE* : 17MPa T«, ttW»*« 7.2L/#£T / >&< fc 
r>WS. SJgflPIHfflJ 4 WttlbtefefcgTtt, IIgffi|ffl&EE*RT©JnEE*T 

ft**©*ffl5E»fcft»*TWJP0!Mft&*&, ^1/P:2mm ©JUWlJti&LT 
fcJJP : 3mm ©H^WT'«D-7^^;H-^IBE*^ 7MPa rf^S 17MPa £T'iti#>> 
20 IttHffi* : 7MPa~17MPa fc#Jfc-f £I±tiJfiTiSiffizK£&ii& 1x^^-5 £ 

gfcfcO, ^©^ctt/W HP^>^©«B#^Wfi<^^>. HfcSl^ffi^© 

^©fltoWftttSfc^fiiJS : 1.8~2.3mm ©flHK^JWRSffl^ iffifltajMf 
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<fc0. R«». RH«C«<I!3« 4 Tn«A«Eiii$n«iaS!Wriif»tt*'b^ 
g : 34~38mm ©J|ftm£S!iiT-5. 

6 ft»*^0*»jPIfctt4*W 2003-145216 34MBTlBrtUfcci 

*««»»j^Ta»snfcA/w^tt©»«i!« (0 4a) srau 

«t-5^P35IllO#gR^g*l9:^bfc^/h-a«Oifbffi® Fn, F21 SrfcoBTrffi 

>*tfttfc-*#®ri6»D-;w u. 12 (0 5) sffiAfcD-;bx^>H*«ffiffl$ 

15 >FfcffifflT#*. 

jmu-A li, 12 ©Kfv^i/w^rojsftsiw m sjitt. m?7?>© 
ffisp¥&a«flngipre m fce^sn* awm c 0 (04a) *«ffisp¥So*#*a 

ft® Fn £tfift¥¥&0/h;£fcfiiM F 2 i TffijSSftSRfriiiJBtf Ci (04b) 

20 #v>T, Jgrig-p. ift$¥go^:€raiaia®Fii©+*HRSStto i -;i'*i¥ 

bSfTrtfflCS*** (04c)» S^IST». ffliSOtt^^S^/hS&Rfi 
21 t, ISTffifflUfctt*¥g0/h3&j£$P-Jl' 12 aw 7 

^>^Trofi$WClHI^7^>^#^fc«P-^ 22 P -JUT** > 

H*«ttfflsn* (06). $g-±e-c*>. ffi*¥S*JS»s< ufcitMfflR 
«p-;w 2i, fSif&D-ji 22 omizmMff m sa-rt, amw fu 

^S^lRJrtfiJCai*. ««©«ftBS F12 ^^l^fcffitXfcWSi^ C 2 (04 
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Wi? yO>&tffttz—tt<DtiLl&n—)l> 31, 32 (El 7) *fll^fco-Jl'^^>H 

*it#l£©P-;i/X^>F£&fflT£-5. 

is?®^ c 2 ©TO*d5»D— 3i, 32 orata-rt. 31, 32 

10 ©Da^7 0{usi;TiaffijS F22 #wn{» o ****«fc5»i«*u» ftsp^s 

(D/hS^R^W® F23 (H4d) KfiJHBSns. flffi® F22 ©iSdMEJBfcff^ 

ffl*©^ifli® F12 t>ia*¥S©/h$&«*iiSi f 13 fcfc*. s§=i8Tftt, m- 

xn<Df$.Bu-)\, ii, 12, jb— xa©nttJRp-;w 21. riEjgp-^22 icwt 

15 rig»D-;V31. 32©MCMn«o. jg&BGw *tetSt5ui*tJFSH». 90 

* 

jJng£L&#1!l8fl$fc«J:D, fl*ffiF22t«<<*»P-^31. 32 ©#ffi#jW9 
— flSU Ift****^— Fis. R^ffi® F23 ^fctJlffBHB'R C3 (El 4 
d) Ctf»3ft*. 

20 &fl-&©Bfr®^# c 4 tcg^sns. jiiain?tt, /MSwBfr®^ C4 

"f 3d<!:7&^ ffSKtt— ^©JfcJBP-.H' 41, 42 OilljfAD-JI/ 43 

43 tr^m f 2 3 ©«t'*e5*ffAa:*«ej5£^p-;p 41, 42 -va 
25 ft® F22 cjfJE**ip>LSfc©» iPi^nxt^^M M ©ttS#*£5£fl;U 

ibtt® F22 ©^-?5:j«fft«»*«JifT-r<&. fcdMtMU HMlftffi F23 omaffl o 
tfgHfiU n^tffi® F 2 4, fl^Efc® Fh T?z:S«Hjfi^^©»f®0!K C4 (0 

4e) t«Ejgsn**-e«Ettens. ^Miwiifr+HR^tt® f 23 *«d-;w 
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£tlt<»m3gl4, fc£Atf5fcSS*»6«l#|6|fia :80mm ©MaB#£*MS&S! 
: 32~34mm \Z^btz^ : 36~40mm, 00 J? : 2.0~3.0mm, fi 
5 $ :60~80mm ©X U *«80BBatI*SSlit±ffl#>^* 

2HlJEfiit#JEA#J©^5gt4> H«K3fcJSto*&«i;&fiJfiS :80mm ©^$8gB#£ 

: 40~42mm, E*3J¥ : 3.5~4.5mm, : 60~80mm OX'J 
^<D^P{C@^M±ffl#>3 1 £JEALT#>^©P£f;:. 

is Afiij©7 > 'j-^t^?LT§o ipjs»it^)EEA?Lo&fi«, xu-yosw^^ 
**. zn^*^^T(4, o.i~o.2 «ft%saoAi*assnufc*-3*fs*fflv». 

25 Fe-Zn *^HOfiKfi*WlWbTlDItt*iJk#bfc»"3#B3ft«»*U^. Zn-AJ 
3R^ft-3-*"Cl4* Rl— J?*© Zn #J&t>#JifcJtlfcUT 2~4 fl5©SAtt&* 
f Zn-5%A1. Zn-55%A1 Hfc»fttefcffiftfc»o <h UT Zn-Al- 

Mg -&&«&t>#J§#&0, E£R© Zn-Al-Mg £&©^>£Jl£J£J&-f Py£ 
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fc<fc*fc«>, Zn-Al-Mg ^&*o*Jl©SiBfttttffiftoT*^a!^Tfc*W 

Zn-Al-Mg flG»fttt£#4U L^feOT^o^M-C^-Sfe 

5 Al-Zn &#o#J§Klt!|Stl/T 3~30|im .h^H-ftT^-So Zn-Al-Mg 

Mg : 0.05~10 Al : 4~22 ^UlljSCT, 

Ti : 0.001~0.1 3ffi%. B : 0.0005~0.045 ft±!^7cS. Y, Zr. Si # 

0>SBtfbtt7G**J>&< th-B : 0.005~2.0OT%$^S-&-5^<»:feT#-g)o 

10 S*0 Al t*t±aijl!«TC*5^Tie>o#JBOJ»ftiSSS«^Si4-<5. 7k#> 
«M*«B£rf *BO»»tf- FfflK>«)0r*Siii C &J&&£^©-WflSt:ft>£ 

th, TMommmtztem-?*. $>itmwz zn-M g ^oy^mmt^^B^ 

15 -&T*o^S?riilM^-r«)±T ! bMg«W^^^T'*?)o £© J; 5 

Mg ^Wfl£ 0.05~10 (£fi;L<«, 1~4 Si%) ©^ 

»-3*B + © Zn. Mg Mg Zn &J&&£^tl£MT£©f;:ft U Al 

ttH**fe©ff&TSt^ Zn-Al IMiM^IU BAttoiRi±lcflF4'r*. 

20 AlWCiD Zn/Ai/Zn2Mg =7C*fi5^«)-3*B©8Hilsattt»caiaTS. Zn 
/Al/Zn2Mg H7G&i,*&i8fc«. Zn/Zn 2 Mg -Tt^mU^ 0 ttl9A<»ai1f* 

0, Bftttfil±*o*JBO«Kfl5K:*S»T**. HSfttoatl^ Zn-Al 
tt^MU Zn/Al/Zn 2 Mg E.7Z&&im*Mf$,2l£Z>tztb, 4 flttfcEU: 

22ss%fr?>. 

ffSric#Tfc* Ti. b *«anr«i:. ^sn^^^f-s znnM g2 $©£/&# 
WJKisn, ft^sH+camr* z n -M g sR&jRiaMbffW^HWt' znzMg © 
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MftWKte. Ti: 0.001 Mfi%^± (ff$L<lt 0.002 Kfi%W 

±) "C ZniiM g2 ffi04^^*Wf'WJ^n-5. La>U 0.1 JtS%£iS*-& 
Mft<D Ti tf^tUxb. Ti-Al &#rffi$l#fifc:&U fe^til: 

5 ZnnMgz tt<D$i!$.ffl%ttZ. 0.0005 ftS%kLh (£?£L<«> 0.001 

±) OBMCioTtMSnS. L^U 0.045 f?fi%£jgX-3i&fJS© B 

Ti-B&#Ttm Al-B&ffittiWj&fiU *6o£JlK:tH] 

Jttfctfj^S© Al. Mg £$tfi§B* Zn-Al-Mg ^MSB® □ 7 

10 hTtt, Zn-Al-Mg *^»^*jaE»*(C»W©*iffi3tiR^b««3&«4U^T^. 

■ 

±5i7C^, Y, Zr, Si©'>&< £t>— SB* 0.005m&%&>±f&tia-r%Z\tiZj:K), 

15 . m*'&t>ntzwz, %±m7tm, y, zr, si^o^ips±is«2.ow»%t-r 

So 

Zn-Al-Mg tb o * 1 tt> Al < fc S S o ^1/T» ©#® 

\Z Fe-Al &&JBKHfc£*J#MWfc£fifcL-<»'r< ft*. Fe-Al #&«|HMb£*Jtt, 

20 $fc Fe-Al &&JHffflfb£*®£(£tt, WL&<DSi&*b-o$m\z£2i1kZz\t\z& 



§l5I3t$ : 490N/mm 2 , #tf : 28%, : 2.1mm <Dn ? MJlffiffi.£M : 
25 54mm ©jg&aMffcjg'f Lfc. »SMPI*ftD-;H«»U, DflgB 4 

Bl^fcWriS^tt (H2-A) fcfc^ttS :36mm -0>Aft**atifilsfc. »6*lfcJI 
i*tt, 3l3g$$#550N/mm 2 T&ofc. 

: 4m £H»»rU W^OWWrSSiiiJ&^fiS : 75mm 
: 33.1mm fcfiftfflliLjfc. -3&©«Mfc|*Jg : 33.1mm, : 38.1mm, 
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fag :2.5mm. S3 :70mm ©* 'J -^68* U «JB*»»it±Ufc. iDJE 
Slt#JEA<S")<h^?)ffi^CDi^^g|5Hrtg : 33.1mm, : 41.1mm. ftJ¥ : 

4.0mm. : 70mm ©7. U ~7£S«f U ffS8«»£&ihl,fc. 
««£tM:Lfc&. S»«rtSBC^r*?LS : 3.0mm OjtaEE«flcjEA?LSlni 

Jttfc©;t©. 51563$$ : 300N/mm 2 . #tf : 35%. : 3.0ram <D®fcZ 
: 54mm ®g&M*fcift*U HftftftfrTTJI-S : 36mm (D&K'gZm 

IS®l$©3g^Rffi£IH3SELfc. 
*$B9Mfl©Py*#JH»Ttt, rtfflJ©*BE*< 7MPa fcJgLfcl$^reiffl8l5 4 
(02 A) ©WfflSUftMAS^fc. l»aiSg7¥Wi&^, *JE:5MPa T*UJ*»# 
mmVtz. &m&Mtfifflrl,T^Z>m\t, 5MPa ©zKJETT*itiJBEzlc#»it§ 11.3L 
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